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The Effect of Whole-Body Vibration on Phonation 
Abstract 
This study investigated the effect of whole body vibration (WBV), set at 30% intensity at 5 
Hz and 15 Hz, on phonation with vocal fatigue. Thirty vocally healthy participants were 
recruited and randomly divided into three groups: received 5 Hz vibration (low frequency 
group-LFG), received 15 Hz vibration (high frequency group-HFG) and no vibration (control 
group-CON). All participants were first asked to sing for at least 95 minutes so that vocal 
fatigue was induced. Participants in the LFG and HFG were then exposed to WBV for 20 
times, which each lasted for 30 seconds and, with 30 seconds of rest in between vibrations. 
Participants in the CON were asked to have vocal rest for 20 minutes. All subjects were 
required to measure their maximum phonation time (MPT), maximum frequency in a voice 
range profile and recording a speech task for measuring their vocal attack time (VAT) before 
and after the vibration. Results demonstrated that MPT in LFG had significant increased 
following the vibration. This finding suggested that WBV could bring improvements to 
phonation and respiration coordination. 
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The Effect of Whole-Body Vibration on Phonation 
Whole-body vibration (WBV) is defined as an oscillatory movement experienced by 
the whole body in which the oscillatory motion is transmitted from a mechanical vibration 
source, such as a vibration plate (Cardinale & Pope, 2003; Sitja-Rabert et al., 2012). There is 
an extensive discussion of the effects of WBV on human body. It was found that WBV could 
have both positive and negative effects on neuromuscular performance, depending the 
frequency, intensity and duration of WBV (Cardinale & Wakeling, 2005; Griffin, 1996). 
Nevertheless, there is currently not much debate over the effects of WBV on phonation. 
WBV has been found to have positive immediate effects on different aspects after one 
session of vibration. One of the most extensively discussed aspects is neuromuscular 
performance. Cardinale and Lim (2003) studied the effect of WBV at 20 Hz and 40 Hz on 
vertical jumping ability. Significant immediate improvement was shown on vertical jumping 
ability after five minutes of WBV treatment at 20 Hz but not at 40 Hz. Body balanced and 
isometric extension strength of lower limbs significantly improved immediately after a bout 
of four minutes of WBV (Torvinen et al., 2002. Increased force and power of lower limbs 
was demonstrated (Bosco et al., 1999). In addition to neuromuscular performance, WBV was 
also found to influence hormonal response. In another study by Bosco (2000), significant 
immediate improvement on vertical jumping ability and significant changes of hormonal 
responses of growth hormone, testosterone and cortisol were demonstrated with participants 
exposed to 10 minutes of WBV at 26 Hz (amplitude = ±4 mm).  
Repeated exposures of WBV have also been shown to cause neurogenic adaptation on 
skeletal muscles. WBV significantly reduced musculoskeletal pain and fatigue in women 
with fibromyalgia (Alentorn-Geil, Padilla, Moras, Haro & Fernández-Solà, 2008) after six 
weeks of 12 treatment sessions of WBV at 30 Hz (amplitude = ±2 mm), with a duration of 
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4.5 minutes in the first two sessions and 18 minutes in the last 10 sessions, when combined 
with traditional exercise program. Other positive effects of WBV on the human body include 
reduced low back pain and chronic positive effect on knee extensor strength (see review by 
Cardinale and Pope, 2003). On the other hand, prolonged exposure to WBV might cause 
negative effects on the spine (Cardinale & Pope, 2003) and soft tissues, such as muscle 
fatigue (Cardinale & Wakeling, 2005).  
Vibration can be naturally experienced by tissues in the human body from external 
sources of vibration, such as sport activities (Cardinale & Wakeling, 2005). Muscle tuning 
hypothesis has been put forward to explain the effect of vibration on tissues. Tonic vibration 
reflex in muscle spindle can be activated to dampen the detrimental effect caused by external 
vibration (Cardinale & Wakeling, 2005). Muscle stiffness can therefore be regulated. The 
damping effect was found to be the greatest at the resonant frequencies of soft tissues. Vocal 
folds are soft tissues, and therefore it is hypothesized that the muscle tuning hypothesis can 
be applied to this structure. 
Although the effects of WBV on neuromuscular performance have been widely 
studied, there are few studies on the effect of WBV on phonation. Yokoyama and Hoshino 
(1973) investigated how phonation was affected by under different exposure conditions, 
including white noise exposure and simultaneous exposure of white noise and WBV at four 
frequencies (5 Hz, 10 Hz, 15 Hz and 20 Hz). They found that vocal intensity for vowel 
phonation was significantly increased under the condition of white noise with WBV at 10 Hz 
and 15 Hz together compared to merely white noise without WBV. They hypothesized that 
WBV increased the expiratory pressure during phonation and thus enhanced the resonant 
energy for phonation. Maximum phonation time (MPT) of vowel /e/ was investigated under 
same condition as those in vocal intensity. Among the conditions with both WBV and white 
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noise, MPT increased from 20 Hz to 15 Hz but then dropped at 10 Hz and 5 Hz. This showed 
that different frequencies of WBV have effect on phonation to different extents.  
Based on the muscle tuning hypothesis, it is hypothesized that the muscle spindle in 
laryngeal muscles will be activated to dampen the vibration caused by WBV. Larygeal 
muscle tension which regulates vocal pitch, loudness and other voice quality (Hixon, 
Weismer & Hoit, 2008) is expected to be influenced by WBV. However, there is currently no 
clear evidence about how WBV influences laryngeal performance.  
In summary, there is evidence that WBV can improve performance related to skeletal 
muscles in the upper and lower limbs (Cardinale & Pope, 2003). However, there is no 
existing investigation on vocal performance after WBV exposure. Based on Yokoyama and 
Hoshino’s findings (1973), 5 Hz and 15 Hz vibration exerted significant effect on MPT when 
the subjects phonated during vibration. The effect on vocal performance after WBV has not 
been studied and it may have different results from Yokoyama and Hoshino’ study (1973). 
Therefore, the purpose of this study was to investigate the effect of WBV at 5 Hz and 15 Hz 
on vocal performance after the WBV. The outcome measures included MPT, maximum 
frequency (Fo) and vocal attack time (VAT). It also aimed at giving further insight as to 
whether WBV can be used as a treatment tool for voice disorders. 
MPT, maximum Fo and VAT were chosen as the dependent variables in this study 
because they can reflect the vocal functional changes. MPT demonstrated evidence to reveal 
glottal competence and breath support (Lundy, Casiano & Xue, 2004; Shanks & Mast, 1977). 
Any abnormal behaviors in phonation would adversely affect the performance (Duffy, 2005). 
For instance, MPT was reduced in the condition of laryngeal fatigue (Colton and Casper, 
1990, as cited in Stemple, Stanley & Lee, 1995). Likewise, maximum Fo demonstrates vocal 
limit (Ma et al., 2007) in response to the increase tension and length of the vocal folds (Seikel, 
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King & Drumright, 2010) and so can reveal the modification of laryngeal functions.  
VAT is a measure of phonatory onset which the types of it could relate to certain 
voice problems (Roark, Watson, Baken, Brown & Thomas, 2012) and refers to the time lag in 
building up sound pressure (SP) before initiating a complete glottal closure detected by 
electroglottographic (EGG) signals. There are three types of vocal initiation, including soft 
glottal attack, normal or simultaneous onset and hard glottal attack (Orlikoff, Deliyski, Baken 
& Watson, 2009). The hard glottal attack is believed as a kind of vocal abuse and was 
associated with excessive muscle tension (Casper, 1996, as cited in Andrade, 2000). 
Measuring the type of vocal initiation prior to and after WBV could reflect the state of 
muscle tension, and so revealed the effectiveness of WBV exerted on voice initiation. 
Methodology 
Participants  
Thirty young adults (14 men and 16 women) with a mean (M) age of 21.43 years 
(Standard deviation (SD) = 2.94 years, age range = 18 – 25 years) voluntarily participated in 
the study. They were randomly divided into three groups: a control group (CON) receiving 
no vibration (0 Hz), a low frequency group (LFG) receiving 5 Hz of vibration and a high 
frequency group (HFG) receiving 15 Hz of vibration. The average age and body mass index 
(BMI) in each group were listed in Table 1. All participants were non-smokers and native 
Cantonese speakers. They were reported with normal intelligence, normal speech, language 
and hearing ability, no previous training in vocal performance, no history of vocal pathology, 
asthma or respiratory allergies and good health condition at the time of testing. They also 
demonstrated good voice quality which perceptually judged by the investigator at the time of 
testing. All participants gave their written consent (See Appendix A) before participating in 
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the study, which was approved by the Faculty of Education Research Ethics Committee of 
the University of Hong Kong.  
 
Table 1. Summary of participants’ characteristics of each vibration group 
 Age (years) Height (cm) Weight (kg) BMI (kg/m
2
) 
Group M SD M SD M SD M SD 
LFG (n = 10) 22.00 1.63 166.50 10.31 56.15 13.06 19.98 2.49 
HFG (n =10) 21.50 1.18 168.90 7.64 64.30 13.41 22.39 3.57 
CON (n = 10) 20.80 1.62 165.00 8.82 57.40 9.26 21.00 2.40 
All sample 21.43 1.52 166.80 8.83 59.28 12.19 21.13 2.94 
Note: LEG = low frequency group; HFG = high frequency group; CON = control group 
M=mean; SD=standard deviation 
 
Equipments 
A whole-body vibration machine called Turbosonic Vibration Therapy Trainer (Korea: 
TS Korea Co., Ltd) was used to generate vertical sinusoidal waves ranged from 10% to 50% 
intensity at 5 Hz and 15 Hz for WBV. All voice samples of MPT and VAT produced by the 
participants were recorded with Audacity (version 2.0.4). Measurement of VAT involved the 
use of a Radio Shack 33-3012 headset (Fort Worth, TX) which set at a distance of 5 cm from 
the lip corner to collect the sound pressure signals (Ma, Baken, Roark and Li, 2012). Fourcin 
Laryngograph Processor (Laryngograph Ltd, London, UK) was used to collect EGG signals. 
The maximum Fo produced by the participants were recorded using Soundswell’s Phog (Phog 
1.    itech  evelopment    T  
 
 by, Sweden).  
Pilot Study 
The vibration machine used could only display the intensity level in percentage which 
was different from other studies displayed the vertical displacement (mm) of the wave 
(Cardinale & Lim, 2003; Alentorn-Geli, Padilla, Moras, Haro & Fernández-Solà, 2008). 
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There is also no consensus on the range of amplitude of vibration signals that is safe to 
induce muscle tuning (Cardinale & Wakeling, 2005). In addition, high intensity might induce 
unpleasant feeling to the participants. Because of safety reason, a pilot study aimed at 
choosing a suitable intensity level for the main study was carried out. Six participants 
voluntarily joined the pilot study (three men and three women, mean age = 22.3 years, SD = 
0.52 years, range = 22-23 years).  
Procedures. The data collection procedure was conducted in a sound booth at the 
Voice Research Laboratory, the University of Hong Kong. As vibration without shoes was 
shown to minimize the damping induced in muscle activities (Mari n´, Bunker, Rhea, & 
Ayllon, 2009), participants were instructed to remove shoes and any heavy accessories and 
clothing before standing in a static upright posture with locked knee on the vibration machine. 
Vibration signals with five intensity levels (10%, 20%, 305, 40% and 50%) were tested with 
combination of both low (5 Hz) and high (15 Hz) frequency for two times. Hence, every 
participant was given 20 bouts of stimuli (5 x 2 x 2) with each vibration lasted for 30 seconds. 
There was a 30-second rest time between every two bouts of stimuli. The stimuli were 
presented with either an increasing or decreasing order of intensity level (See Appendix B). 
Participants were asked to rate the level of dizziness at a 3-point scale from 0 to 2 (0 = no 
dizziness, 1 = some dizziness, 2 = very dizzy). Participants were encouraged to terminate the 
procedures if they were extremely dizzy or uncomfortable that could not withstand the WBV 
anymore.  
Results. The results of pilot study were shown in Table 2. Intensity level of 30% had 
100% rating of 0 which was the highest among the five groups. The order of the remaining 
intensity levels from the highest to the lowest percentage was 20% and 40%, 10% and 50%. 
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The results suggested that intensity level below 40% might be safe. A conservative view was 
taken so 30% was chosen as the intensity level for the main study.  
 
Table 2. Percentage of rating score in five intensity levels 
 Intensity level 
Rating 10% 20% 30% 40% 50% 
0 87.50% 95.80% 100% 95.80% 83.33% 
1 12.50% 4.17% 0% 4.17% 16.67% 
2 0% 0% 0% 0% 0% 
 
Main Study 
Procedures. The data collection procedures were conducted in a sound booth at the 
Voice Research Laboratory, the University of Hong Kong. There were two stages in the main 
study, including stage of singing and the stage of measurement and vibration. Height and 
weight were measured at the beginning of the experiment.  
Singing stage. Singing task was implemented to induce vocal fatigue. Participants 
were asked to sing for 95 minutes to induce vocal fatigue (Yiu et al., 2013). They were 
informed that no drinking and rest for more than one minute would be allowed during the 
singing stage in order to induce vocal fatigue (Yiu & Chan, 2003). The final mean singing 
time for the all the participants was 97.57 minutes (SD = 6.31 minutes, range = 95 – 120 
minutes). There were four subjects required to sing for an extra time to induce vocal fatigue.  
Participants were asked to rate the level of vocal tiredness at the pre-singing stage and 
the post-singing stage using “an 11-point scale (0 = normal and 10 = most severely affected)”  
(See Appendix C) (Yiu et al., 2013, p.755). Vocal tiredness was defined as “feeling of 
changes in the ability to project or to sustain voice” (Yiu & Chan  2003, p.218-219). The 
study by Yiu and his colleagues (2013) revealed that participants who completed a singing 
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task within 95 minutes to 115 minutes had an increase of 5.9 points of the mean score in the 
same scale of self rating of the throat discomfort. Participants in this study, thus, were 
instructed to stop singing and proceed to the second stage (see Appendix D for instructions) if 
their vocal tiredness increased by five points based on the similar study to induce vocal 
fatigue (Yiu et al., 2013). If not, they were asked to sing for at least 15 minutes more and rate 
again to ensure they had required degree of vocal fatigue. The mean singing time for all 
participants was 97.57 minutes (SD = 6.31 minutes, range = 95-120 minutes).  
Measurement and vibration stage. Participants were required to complete three sets 
of measures after singing in pre-vibration stage and post-vibration stage. Participants in each 
group will be randomly assigned to six sub-groups of all possible orders (See Appendix E) of 
measurement in order to neutralize the order effect.  
Maximum phonation time. Participants were verbally instructed with demonstration 
given to produce a sustained phonation of vowel /a/ at their comfortable pitch and loudness as 
long as they could without changing the voice quality. The voice intensity was not required to 
maintain at a specific level (Goy, Fernandes, Pichora-Fuller & van Lieshout, 2013). The 
participants were asked to perform three consecutive trials. This gave rise to the mean MPT 
for data analysis.  
Maximum frequency. The recording procedure was done by using Phog 1.0 program. 
A head-mounted microphone was adjusted to maintain a constant 5-cm distance from the 
subject’s mouth corner with the microphone calibrated at a 30cm-mouth-to-micriophone 
distance. Participants were verbally instructed (See Appendix D) with demonstration given to 
make upward glissando from the note of middle C to their highest pitch. Visual 
encouragement, i.e. sweeping of hand gesture, was given to encourage the participant to 
achieve their optimal performance (Zraick, Nelson, Montage & Monoson, 2000). Participants 
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were asked to do three trials and the best result achieved among the three trials would be 
taken for analysis.  
Vocal attack time. The participants were given six cards which each printed with either 
a character of target sound /a/ or unrelated sound /ha/. There were three tokens for each sound. 
The characters were presented in a randomized order with the character-side faced downward 
so that the participants could only read aloud the character when they turned over the card. 
This aimed at minimizing the probability of initiating hard glottal attack due to preparation of 
phonation by vocal folds adduction before sound pressure building up (Roark et al., 2012). 
The participants were instructed to sustain phonation of the vowel for about two seconds at 
their habitual loudness and pitch. Only the target vowel /a/ would be used for analysis.  
The VAT computation method followed the steps in the study described by Roark et al. 
(2012). The VAT values were computated based on two assumptions: “The vocal startup is 
accurately represented by features inherent in both SP and EGG signals” (Roark, Watson & 
Baken, 2012, p. 8) and the two signals should have similar shape but one is lag behind 
another (Roark, Watson & Baken, 2012). A figure of merit (FOM) could be used to evaluate 
the VAT measurement. The more identical are the two signals, FOM would be closer to 1. 
Only the value of VAT with a FOM equaled to or greater than .75 would be analyzed so as to 
filter the signals which violated the assumption of VAT (Roark, Watson & Baken, 2012). 
Whole-body vibration. Participants in LFG and HFG received vertical vibration at 30% 
intensity from the vibration plate at 5 Hz and 15 Hz respectively. Following the same 
procedures in standing on the machine in pilot study, participants experienced 20 bouts of 
vibration except that the participants sustained phonation /a/ at their comfortable pitch and 
loudness during the vibration. Twenty bouts of a total of 10 minutes WBV was designed 
based on the previous research that 10 minutes WBV caused significant immediate 
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improvement on jumping ability and changes of hormonal responses (Bosco, 2000). 
Participants in CON had 20 minutes vocal rest time without exposure to WBV. 
Data analysis 
All participants completed the study. The dependent variables, i.e. MPT, maximum Fo 
and VAT, were described with descriptive statistics, including means and standard deviations. 
A two-factor repeated ANOVA (time x group) was used in this study, with the time, i.e. 
pre-vibration stage and post-vibration stage, as the within-subject factor and the three groups 
as between-subject factor. The level of statistical significance was set at p < .05. All data 
analysis was performed with SPSS software. 
Results 
   Descriptive statistics about the gender groups at pre- and post-vibration stages in LFG, 
HFG and CON were displayed in Table 3 and 4 respectively. Male and females were 
separately analyzed by employing a Kruskal-Wallis test to compare the changes of each 
dependent variable in LFG, HFG and CON. No significant difference was found in MPT, 
maximum Fo and VAT neither in male nor female groups (see Table 5). Hence, male and 
female data were compacted for later analysis. 
 
Table 3. Means and standard deviations of the MPT, maximum Fo and VAT at pre-vibration 
stage in by gender in the three groups 
  LFG HFG CON 
  Male Female  Male Female  Male Female  
Groups  (n = 6) (n = 4) (n = 5) (n = 5) (n = 3) (n = 7) 
MPT (s) M  17.49 17.29 17.63 14.85 14.69 19.53 
 SD 5.06 3.94 2.98 3.47 2.98 4.91 
Maximum Fo 
(Hz) 
M  964.25 1504.63 859.52 1038.38 852.80 1176.71 
SD 442.13 328.97 220.77 197.36 125.38 1079.54 
VAT (ms) M  5.69 3.54 1.88 0.77 3.03 -3.74 
 SD 2.01 5.48 5.22 1.61 2.33 7.71 
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Table 4. Means and standard deviations of the MPT, maximum Fo and VAT at pre-vibration 
stage in by gender in the three groups 
  LFG HFG CON 
  Male Female  Male Female  Male Female  
Groups  (n = 6) (n = 4) (n = 5) (n = 5) (n = 3) (n = 7) 
MPT (s) M  21.34 19.69 18.24 16.26 14.48 19.35 
 SD 3.79 4.33 3.93 2.96 4.63 4.54 
Maximum Fo 
(Hz) 
M  992.92 1494.65 854.88 1050.04 909.57 1304.09 
SD 437.64 405.29 187.83 307.97 186.12 363.00 
VAT (ms) M  2.81 4.09 4.13 1.99 1.54 -3.04 
 SD 3.87 8.87 5.15 1.97 7.71 4.71 
 
Table 5. Results of Kruskal-Wallis test in male and female groups 
 Male Female 
Groups df H p df H p 
MPT 2 2.02 .36 2 1.80 .41 
Maximum Fo 2 1.68 .43 2 1.82 .40 
VAT 2 5.76 .056 2 0.40 .82 
 
Maximum phonation time. Table 6 displays the means and standard deviations of 
MPT for the three groups. LFG had the greatest increase in average MPT among the three 
groups. Unlike LFG and HFG, the CON had a slight decrease in average MPT. A mixed 
ANOVA was performed and there was significant main effect of time on MPT [F (1, 27) = 
6.24, p = .019, ƞ2 = 0.19] but no significant main effect of groups on MPT [F (2, 27) = 0.87, 
p = .43, ƞ2 = 0.06]. However, There was a significant interaction (see Figure 1) between time 
and groups, F (2, 27) = 3.47, p = .046, ƞ2 = 0.21. Simple main effects of the significant 
interaction between groups and time were analyzed by Bonferroni correction. MPT in LFG 
had highly significant increase in post-vibration stage from pre-vibration stage (p = .002). No 
significant changes were found in HFG (p = .30) and CON (p = .84).  
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Table 6. Changes of MPT for the three groups at pre- and post-vibration stages 
Stage LFG HFG CON 
Pre-vibration (s) M 17.41  16.24  18.08  
 SD 4.40 3.38 4.85 
Post-vibration (s) M 20.68  17.25  17.89  
 SD 3.87 3.44 4.91 
 
 
Figure 1. Changes of MPT in different groups. 
 
     Maximum frequency. Table 7 shows the descriptive data of the maximum Fo in hertz 
for the three groups at pre- and post-vibration stages. All the three groups showed an increase 
in post-vibration stage. The CON had the greatest increase in mean Fo (106.19 Hz) while the 
HFG had the lowest increase (3.51 Hz). A repeated ANOVA was performed, showing that 
there was no significant main effect of time [F (1, 27) = 2.08, p = .16, ƞ2 = 0.090] and groups 
[F (2, 27) = 1.05, p = .36, ƞ2 = 0.072]. No significant interaction effect between the groups 
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and the within-group factor, i.e. maximum Fo change, F (2, 27) = 1.33, p = .28, was shown 
either. 
 
Table 7. Changes of maximum frequency at pre- and post-vibration stages 
Stage LFG HFG CON 
Pre-vibration (Hz) M 1180.40  1180.40  1180.40  
 SD 471.74 471.74 471.74 
Post-vibration (Hz) M 1180.40  1180.40  1185.73  
 SD 471.74 471.74 363.13 
 
 
Figure 2. Changes of maximum Fo in different groups 
 
     Vocal attack time. All data had FOM value greater than .75 which indicated that they 
met the assumptions of VAT, so no data were rejected for analysis. Table 8 listed the means 
and SDs of VAT for the three groups. The three groups demonstrated a different directional 
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change in VAT. VAT in CON and HFG was increased in post-vibration stage when 
compared to pre-vibration stage while that in LFG was decreased. A mixed ANOVA revealed 
that there was significant main effect of groups on VAT [F (2, 27) = 4.30, p = .024, ƞ2 = 0.24] 
but non-significant main effect of time on VAT [F (1, 27) = 0.014, p = .91, ƞ2 = 0.001]. The 
interaction effect between time and groups was not significant [F (2, 27) = 1.38, p = .27, 
0.093]. 
 
Table 8. Changes of the VAT at pre- and post-vibration stages 
Stage LFG HFG CON 
Pre-vibration (ms) M 4.83 1.32 -1.70 
 SD 471.74 3.69 7.18 
Post-vibration (ms) M 3.33 3.06 -1.67 
 SD 5.91 3.84 4.53 
 
 
Figure 3. Changes of VAT in different groups 
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Discussion 
This study aimed at examining if WBV at 5 Hz and 15 Hz could lead to improvement 
in MPT, maximum Fo and VAT on fatigue voice. The present study has shown that there was 
significant increase of MPT in LFG (5 Hz; 30 %) but no significant differences were found in 
HFG (15 Hz; 30 %) and CON (0 Hz; 0%). No significant interaction effect was observed in 
maximum Fo and VAT.  
In the present study, the mean MPT in pre-vibration stage of LFG (males: 17.5 
seconds; females: 17.3 seconds) and HFG (males: 17.6 seconds; females: 14.9 seconds) and 
the male groups of CON (14.7 seconds) was lower than the normative data of young adult 
males (20.2 seconds) and females (19.1 seconds) (Goy, Fernandes, Pichora-Fuller & van 
Lieshout, 2013) but similar mean MPT was found in the female group in CON (19.53 
seconds). This might suggested that vocal fatigue induced by singing had effect acting on 
sustaining phonation in most of the participants. In post-vibration stage, only LFG including 
both males (19.7 seconds) and females (21.3 seconds) had MPT slightly higher than the 
normative data. Vocal fatigue was described as a state of thyroarytenoid muscle weakness, 
causing a bowing of vocal folds during adduction (Eustace, Stemple & Lee, 1996). Air leaked 
out from the glottis during sustained phonation, causing air wastage which was noted as 
breathy voice. Consequently, MPT was reduced. The significant improvement shown in the 
post-vibration stage of LFG suggested that WBV might be applicable to restore the strength 
of the thyroarytenoid muscles to minimize the bowing of vocal folds during adduction which 
subsequently lead to increased air flow efficiency. As a result, MPT was lengthened.  
MPT in this study changed differently from the study by Yokoyama and Hoshino 
(1973). The present study showed that 5 Hz WBV in LFG had longer and greater increase in 
MPT than 15 Hz WBV in HFG while the study by Yokoyama and Hoshino (1973) revealed 
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that MPT in condition of 5 Hz WBV was lower than that of 15 Hz. Nonetheless, the two 
studies were implemented in different conditions. Yokoyama and Hoshino (1973) measured 
MPT with simultaneous exposure of WBV. On the other hand, this study had MPT 
measurement before and after exposure to WBV. Yokoyama and Hoshino (1973) 
hypothesized that WBV at 5 Hz approximated the resonance frequency of the breathing 
muscles and laryngeal muscles, in which affected the control of expiration and formed a gap 
in glottis during vocal adduction. Air wastage was resulted and so MPT was reduced.  
The above hypothesis can be partly applied to this study. MPT is affected by breath 
support and air flow rate efficiency which is in turn affected by vocal folds vibration. 
Laryngeal muscles and breathing muscles, such as diaphragmatic muscles, are involved in 
sustaining phonation. Based on the hypothesis made by Yokoyama and Hoshino (1973), it is 
hypothesized that the damping effect by tonic vibration reflex in muscle spindle was greater 
when the external vibration had frequency closer to the resonant frequency (Cardinale & 
Wakeling, 2005) of laryngeal muscles and breathing muscles. This activation of damping 
effect might relax the muscles and cause a significant increase in MPT in post-vibration stage 
in LFG. The mean MPT increased in order of LFG (+3.27 minutes), HFG (+1.01 minutes) 
and CON (-0.19 minutes). The order might imply the same notion that the LFG had 
frequency closer to the resonant frequency of the laryngeal muscles than HFG so LFG 
showed a greater increase in MPT than that in HFG. In addition, both the WBV groups 
showed an increase in MPT while the CON showed a slight decrease. These findings 
suggested that WBV might help restore the breathing and phonation functions in a faster way 
then resting.  
No significance results of maximum Fo were found neither between the WBV groups 
and the control group nor between LFG and HFG, implying that WBV did not had any effect 
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on the vocal functions for eliciting maximum Fo. On the other hand, the insignificant results 
might be due to the insensibility to change of the Maximum Fo in relation to vocal fatigue. 
Chhetri, Neubauer and Berry (2012) verified the body-cover model proposed by Hirano 
(1974; as cited in Chhetri, Neubauer & Berry, 2012) that changes of cricothyroid muscles, 
which primarily, and thyroarytenoid muscles, which secondarily, regulated Fo by changing 
the strain of vocal folds. Vocal fatigue might not have significant effect on these muscles to 
change the strain of vocal folds. As a consequence, the results at the pre- and post-vibration 
stages were similar as the optimal performance of the participants in non-fatigue conditions. 
Yiu et al. (2013) and Eustace, Stemple and Lee (1996) demonstrated in their study that no 
significant changes were found in Fo after performing a vocal fatigue inducing task. Different 
results were shown in study by Yiu and Chan (2003), in which the female participants had 
significant reduction in the maximum Fo after a singing task for vocal fatigue induction. The 
contradictory results could be accounted by the reason of different procedures to elicit 
maximum Fo. The maximum Fo was elicited by discrete tonal steps in the study by Yiu and 
Chan (2003) whereas it was elicited by continuous glissandos in the current study. Inspite of 
insignificant improvement on maximum Fo caused by WBV, the maximum Fo did not show 
any decline in both the LFG and HFG. This might suggest that short exposure of WBV would 
not bring negative effect on vocal functions that regulate maximum Fo. 
Same as maximum Fo, no significant results in measurement of VAT were found 
between the two WBV groups and the control group. To account for the non-significance 
results, one reason might be LFG and HFG had mean VAT values within the range of normal 
onset, ranging from -1.4 ms to 9.6 ms (Orlikoff et al., 2009), in both pre- and post-vibration 
stages. It implied that no hard vocal attack (range = (-9.5) ms – (-1.7) ms) was demonstrated 
in the vibration groups so it would not cause significant change in VAT values from the 
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category of hard vocal attack to normal onset upon WBV. Nevertheless, the HFG had a 
marginal significant increase of VAT (p = .051), with the mean values fall within the range of 
normal onset. It might suggest that the participants in HFG had tendency to delay vocal 
initiation after WBV.  
Clinical Implication  
WBV at 5 Hz showed a significant increase in MPT, implying that breathing and 
phonation was improved. Therefore, it suggested that WBV might be a suitable treatment tool 
for people who are at high risk of vocal fatigue, such as teachers, singers and those who have 
vocal misuse and abuse (Yiu & Chan, 2003) which lead to tensed laryngeal and breathy voice. 
Further, WBV machine is easy to operate and it can be administrated without clinician’ help 
once training is given to the patient. Regarding to the clinical use of WBV, MPT is a more 
suitable and sensitive parameter than maximum frequency to measure the treatment progress. 
Future Research Direction and Limitation  
Future research can be targeted on different vocal pathology groups, such as 
dysphonic patients. The target group in this research was vocally healthy and the participants 
were induced to have temporary vocal fatigue through a singing task. It could be possible that 
the condition between temporary vocal fatigue and dysphonia are different. The adaptation 
effect of WBV on these two groups can differ from each other. Besides, only young adults 
were recruited in this study. There may be different results in different age groups due to any 
factors related to aging, like muscle strength and hormonal response. Future research can be 
target on other age group and to compare the effect of WBV on phonation in different age 
groups.  
Other additional research can be done based on the limitations of this study. Since the 
current research investigated the effect of WBV at two frequencies only, WBV at other 
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frequencies might have different results according to Cardinale and Wakeling (2005). Besides, 
there was only 10-minute vibration given to the participants in this study. The insignificant 
results demonstrated in maximum Fo and VAT might be subjected to the short exposure to 
WBV. Future research can be target on longer length of exposure to WBV. In addition, the 
sampling size was not large enough which affected the power of the results. Since the level of 
vocal fatigue was rated perceptually by the subjects although they had sung for 95 minutes or 
more, it might be possible that the level of their voice was not tired enough to cause the 
changes of MPT, maximum Fo and VAT. It is suggested to include instrumental measurement 
for vocal tiredness in pre- and post-singing stages in order to confirm the subjects are suitable 
candidates to do WBV. Alternatively, the three dependent variables can be measured at 
3-point time, including, pre-singing stage, post-singing (pre-vibration stage) and 
post-vibration stage, so that there is a stronger evidence that there is a significant changes 
between pre-singing stage and post-singing stage and to screen out the subjects who are not 
subjected to changes on the dependent variables. 
Conclusion 
The objective of this study was to determine the effect of whole-body vibration on 
vocal functions during phonation. In summary, a 10-minutes session of low frequency WBV 
at 5Hz demonstrated significant effect on the increment of MPT on fatigue voice but high 
frequency WBV (15 Hz) and vocal rest had no significant effect on it. Ten minutes of one 
session WBV did not cause any effect, neither positive nor negative effect, on VAT and 
maximum Fo.  
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Appendix A 
Consent Form 
THE UNIVERSITY OF HONG KONG 
Division of Speech and Hearing Sciences 
  
The Effect of Whole-body Vibration on Phonation 
 
You are invited to participate in a research study conducted by Miss Yeung Sze Ki, Sharon, 
in the Division of Speech and Hearing Sciences under the supervision of Professor Edwin 
Yiu at the University of Hong Kong. 
 
PURPOSE OF THE STUDY 
This study examines the effect of whole-body vibration on voice production.  
 
PROCEDURES 
You will be invited to do a karaoke singing task. You will be asked to rate the tiredness of 
your voice by filling in a questionnaire before and after the singing task. Following the 
singing task, you will be invited to perform three measurements on phonation, including 
maximum phonation, voice range and vocal attack time, before and after stepping on a 
vibration machine. The whole procedure will be completed at the Voice Research Laboratory 
of the Division of Speech and Hearing Sciences, the University of Hong Kong. Altogether, 
the tasks will take on average two and a half hours. You may be audio-taped during the 
procedure. 
 
POTENTIAL RISKS / DISCOMFORTS AND THEIR MINIMIZATION 
This procedure has no known risk. Nevertheless, you may find your voice becoming tired in 
the procedure. Such tiredness, however, is expected for the research and should not be greater 
than what we experienced in daily life. Besides, you may experience mild fatigue and 
dizziness in the procedure but such condition will be kept to minimum. If you have any 
discomfort, you may request for a stop of the procedure at any time.  
 
POTENTIAL BENEFITS 
There are no direct benefits to you. However, the research project can provide valuable 
information on the effect of whole body vibration on voice production. This information in 
turn could help inform future treatment program of voice disorders. 
 
CONFIDENTIALITY 
Any information obtained in this study will remain very strictly confidential, will be known 
to no-one, and will be used for research purposes only. Codes, not names, are used on all test 
instruments to protect confidentiality. Only the researcher and supervisor will have access to 
the raw data, surveys and audiotapes. You can review the audio-recording of the procedure. 
We will erase the entire audio or parts of it if you want us to do so on. 
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PARTICIPATION AND WITHDRAWAL 
Your participation is voluntary. This means that you can choose to stop at any time without 
negative consequences. 
 
STORAGE OF DATA 
For research purposes, your participation will be audio-taped for further data checking. Data 
will be transcripted into archives with all personal identifies removed and be kept indefinitely.  
The research data will be stored in a locked folder in both password-protected personal 
computer and the desktop computers in the voice research laboratory to ensure data 
encryption. The data will be destroyed 5 years after completion of the study. 
  
QUESTIONS AND CONCERNS 
If you have any questions or concerns about the research, please feel free to contact Miss 
Sharon Yeung at HKU (Telephone: 9431-7758; Email: sharonyg@hku.hk). If you have 
questions about your rights as a research participant, contact the Human Research Ethics 
Committee for Non-Clinical Faculties, HKU (2241-5267). 
 
 
SIGNATURE 
 
I _________________________________ (Name of Participant) 
 
understand the procedures described above and agree to participate in this study. 
 
 
________________________________________           
Signature of Participant     Date 
 
 
________________________________________           
Witness       Date 
 
Date of Preparation:  
 
Date of Expiration: 
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Appendix B 
Order of stimuli implemented in pilot study 
Subject  Sequence  
1 5 Hz 10% 20% 30% 40% 50% 
15 Hz 10% 20% 30% 40% 50% 
2 15 Hz 10% 20% 30% 40% 50% 
5 Hz 10% 20% 30% 40% 50% 
3 5 Hz 50% 40% 30% 20% 10% 
15 Hz 50% 40% 30% 20% 10% 
4 15 Hz 50% 40% 30% 20% 10% 
5 Hz 50% 40% 30% 20% 10% 
5 5 Hz 10% 20% 30% 40% 50% 
15 Hz 10% 20% 30% 40% 50% 
6 15 Hz 50% 40% 30% 20% 10% 
5 Hz 50% 40% 30% 20% 10% 
 
Appendix C 
Questionnaire of self-perceptual rating in pre-singing and post-singing stages 
 
Vocal tiredness: Feeling of changes in the ability to project or to sustain voice 
聲帶疲倦: 發聲或持續發聲的能力出現變化 
 
1. What is your level of vocal tiredness now? 
1.你現在的聲帶疲倦程度: 
 
   Normal                                                Very tired 
正常                                                 非常疲倦 
 
 
2. After singing, what is your level of vocal tiredness? 
2. 唱歌後，你的聲帶疲倦程度: 
 
   Normal                                                Very tired 
正常                                                 非常疲倦 
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Appendix D 
Instructions sheet 
A. Karaoke singing 
1. The loudness of background music is fixed. Please do not adjust it throughout the 
singing time. 
2. A questionnaire will be given to you to rate your voice tiredness. Before you start 
singing, please answer question (1).  
3. Rate “ ” when your voice is as usual as in your daily life.  
4. Rate “1 ” when your voice is as tired as you feel you cannot sing anymore.  
5. You are required to sing continuous for 95 minutes without vocal resting and 
drinking. 
6. After singing, please answer question (2).  
7. The score between the pre-singing stage and post-singing stage must increase for at 
least 5 points. If not, you are asked to continue singing until the requirement is 
reached. 
 
B. Outcome measures 
1. Maximum phonation time 
(1) Please sit upright and gently take a deep breath and say /a/ at comfortable 
pitch and loudness as long as you can. Please hold the phonation even if the 
voice becomes strain until you can no longer hold it. 
(2) You will need to do three consecutive trials.  
 
2. Maximum pitch 
(1) Sit straight and take a deep breath. 
(2) Say /a/ corresponding to Middle C. 
(3) Glide voice from Middle C to the highest pitch without any pausing. 
(4) Now, say /a/ and glide from Middle C to the highest pitch without any pausing. 
(5) Please try your best to glide the maximum level. 
(6) Same procedures will be repeated 3 times. 
 
3. Vocal attack time 
(1) You will be given 6 cards. A printed word is shown on each card. Please turn 
over one card only at each time and say the word at comfortable pitch and 
loudness and sustain it for 2 seconds. 
(2) Same procedures will be repeated for the remaining 5 cards. 
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C. Whole body vibration 
1. Please remove shoes and any heavy clothing, loose accessories and watch. 
2. Step on the machine and stand in a normal erect position. 
3. You are required to sustain phonation of a vowel /a/ during the vibration. You can 
inhale again when you are out of breath. 
4. If you have any uncomfortable feeling, e.g. dizziness, the vibration will be 
terminated. 
 
Appendix E 
Six orders for performing the outcome measures 
Measurements Order 1 Order 2 Order 3 Order 4 Order 5 Order 6 
MPT 1 2 3 1 2 3 
VAT 2 1 1 3 3 2 
Max. pitch 3 3 2 2 1 1 
 
